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IMAGE OPTICAL SYSTEM AND IMAGE 
READING APPARATUS EQUIPPED WITH 

SAME 

This application is a continuation of application Ser. No. 
11/219,654 ?led Sep. 7, 2005. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to an imaging optical system 

and an image reading apparatus equipped With the same. The 
present invention can be suitably applied to image scanners 
and digital copying machines that can read images at high 
resolution With Well-balanced correction of various aberra 
tions in reading monochrome images and color images using 
a line sensor. 

2. Related Background Art 
Heretofore, there have been proposed various image read 

ing apparatuses for reading image information on a original 
using a line sensor (CCD) having a plurality of light receiving 
elements arranged along the main scanning direction in 
Which image information on the original or the like is read 
using an output signal obtained from the line sensor While the 
relative position of the original and the line sensor is changed 
along the sub-scanning direction. 

FIG. 13 schematically shoWs the basic structure of a con 
ventional image reading apparatus using a carriage-inte 
grated scanning system. In the arrangement shoWn in FIG. 13, 
a light beam emitted from an illuminating light source 1 
directly illuminates an original 7 placed on an original table 
glass 2. The optical path of a re?ected light beam from the 
original 7 is de?ected in the carriage by ?rst, second and third 
turn back mirrors 3a, 3b and 3c, and then the re?ected light is 
focused on a surface of a line sensor 5 by an imaging lens 
(imaging optical system) 4. 

Image information of the original 7 is read by moving the 
carriage 6 in the direction indicated by arroWA in FIG. 13 (the 
sub-scanning direction) by a sub-scanning motor 8. The line 
sensor 5 shoWn in FIG. 13 is composed of a plurality of light 
receiving elements aligned along one dimensional direction 
(the main scanning direction). 

FIG. 14 illustrates the basic structure of the image reading 
optical system shoWn in FIG. 13. 

In FIG. 14, reference sign 144 designates the imaging 
optical system. Reference signs 145R, 145G and 145B 
respectively designate line sensors for reading image infor 
mation of respective colors R (red), G (green) and B (blue), 
the line sensors 145R, 145G and 145B constituting the line 
sensor 145. Reference signs 147R, 147G and 147B designate 
reading areas on the surface of the original 147 corresponding 
to the line sensors 145R, 145G and 145B, respectively. 
By scanning the surface of the original 147, it is possible to 

read the same point With different colors at a certain time 
interval. In the case Where the imaging optical system 144 in 
the above-described structure is an ordinary refracting sys 
tem, longitudinal chromatic aberration and chromatic aber 
ration of magni?cation occur, Which leads to defocus and 
misregistration in line images imaged on the line sensors 
145B and 145R relative to the reference line sensor 145G. 
Consequently, an image reproduced by superimposing the 
images of the respective colors Will suffer from noticeable 
color blurring and misregistration. Therefore, this apparatus 
cannot meet demands for large aperture and high resolution. 

Meantime, in connection With decentered optical systems, 
it has recently been disclosed that it is possible to construct an 
optical system in Which aberrations are satisfactorily cor 
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2 
rected by introducing a concept called a reference axis and 
designing a constituent surface as an asymmetrical aspherical 
surface (see Japanese Patent Application Laid-Open No. 
H09-005650, US. Pat. No. 5,825,560 and US. Pat. No. 
5,847,887). Japanese Patent Application Laid-Open No. 
H09-005650 discloses a method of designing such systems, 
and US. Pat. No. 5,825,560 and US. Pat. No. 5,847,887 
disclose some designs of such systems. 

Such a decentered optical system is referred to as an off 
axial optical system. (The off-axial optical system is de?ned 
as an optical system that includes a curved constituent surface 
(off-axial curved surface) Whose surface normal at the point 
of intersection With the reference axis (Which is an axis 
de?ned along a beam that passes through the center of the 
image and the center of a pupil) is not on the reference axis, 
the reference axis of the off-axial optical system being a 
polygonal line.) 

In off-axial optical systems, constituent surfaces are gen 
erally decentered, and vignetting does not occur even in 
re?ecting surfaces. Accordingly, it is easy to construct an 
off-axial optical system using re?ecting surfaces. In addition, 
by the nature of the off-axial optical system, routing of the 
optical path can be designed relatively freely, and it is easy to 
produce an integrated optical system by integrally molding 
constituent surfaces. 

There have been disclosed imaging optical systems used 
for image reading to Which the above-described technology is 
applied (see US AA2003038228 and US AA2003076606). 
By the technologies disclosed in these documents, off-axial 
optical systems free from chromatic aberration including ?ve 
or six re?ecting surfaces in Which aberrations are satisfacto 
rily corrected have been achieved in image reading appara 
tuses. 

In the technology disclosed in US AA2003038228, since 
doWnsiZing of the optical system is also aimed at, the embodi 
ments disclosed therein are optical systems that are suitable 
for a carriage-integrated system. An embodiment of an imag 
ing optical system used for image reading disclosed in US 
AA2003076606 is directed to an off-axial optical system 
including three re?ecting surfaces, Which has an optical path 
length long enough to apply it to a 2:1 mirror scanning type 
scanner. 

In re?ecting off-axial optical systems, it is dif?cult to main 
tain excellent optical performance While constructing all the 
re?ecting surfaces as spherical surfaces. Accordingly, at least 
one rotationally asymmetrical aspherical surface (or a free 
curved surface) is introduced to achieve excellent optical 
performance. 

It has been knoWn that in optical systems composed of 
re?ecting surfaces, decenter errors generally cause signi? 
cant deterioration in optical performance. When a re?ecting 
optical element having a rotationally asymmetrical aspherical 
surface (free curved surface) is introduced into an off-axial 
optical system, an extremely high degree of accuracy in the 
position of a member for holding that element is required, and 
the degree of accuracy required is higher than in the case of a 
normal spherical re?ecting surface. 
When, particularly, the number of surfaces is more than 

tWo, it is necessary to achieve accuracy in the relative position 
of the surfaces. A holding member having a complicated 
structure and a large siZe is required in order to achieve a high 
degree of accuracy. This leads to problems such as a decrease 
in the ease of assembly and an increase in the di?iculty of 
manufacturing. 

If an off-axial re?ecting surface in the form of a free curved 
re?ecting surface is to be produced using an ordinary glass 
material, a complicated production process Will be required. 
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Such a surface may be produced using a plastic such as a 
polycarbonate, an acrylic or a polyole?n. However, in cases 
Where the number of the surfaces is large, the problem of an 
increase in the manufacturing cost due to the cost for the 
corresponding number of molds Will arise. 
An object of the present invention is to provide an imaging 

optical system that does not suffer from asymmetrical aber 
ration signi?cantly even though it is composed of off-axial 
re?ecting surfaces and can read images With a very simple 
structure While maintaining excellent image performance, 
and to provide an image reading apparatus using such an 
imaging optical system. 

Particularly, the present invention is intended to provide an 
imaging optical system that is preferably used in constructing 
an image reading system in a digital copying machine, an 
image scanner or the like easily. 

SUMMARY OF THE INVENTION 

According to one aspect of the invention, in an imaging 
optical system for image reading, an image of image infor 
mation on a surface of an original is formed onto a line sensor 
aligned in a main scanning direction and the line sensor reads 
the image information by changing a relative position of the 
original surface and the line sensor along the sub-scanning 
direction, Wherein the imaging optical system comprises tWo 
off-axial re?ecting surfaces, and the tWo off-axial re?ecting 
surfaces are a plus de?ecting surface and a minus de?ecting 
surface, or a minus de?ecting surface and a plus de?ecting 
surface disposed in the mentioned order from the original 
surface side in the optical path of the imaging optical system, 
Where an off-axial re?ecting surface that de?ects a reference 
axis beam clockWise is de?ned as a minus de?ecting surfaces 
and an off axial re?ecting surface that de?ects the reference 
axis beam anticlockwise is de?ned as a plus de?ecting sur 
face. 

According to a further aspect of the invention, the imaging 
optical system has a stop provided in the optical path betWeen 
the tWo off-axial re?ecting surfaces. 

According to a further aspect of the invention, in the imag 
ing optical system, the imaging optical system images image 
information on the original surface onto the line sensor With 
out forming an intermediate image. 

According to a further aspect of the invention, in the imag 
ing optical system, the tWo off-axial re?ecting surfaces com 
prise free curved re?ecting surfaces that are symmetrical in 
the main scanning direction and asymmetrical in the sub 
scanning direction With respect to a reference axis. 

According to a further aspect of the invention, in the imag 
ing optical system, the folloWing condition is satis?ed: 

Where 6 is the angle formed by the reference axis beam 
incident on the ?rst off-axial re?ecting surface of the tWo 
off-axial re?ecting surfaces of the imaging optical system that 
is disposed in the optical path in the original surface side and 
the reference axis beam exiting from the second off-axial 
re?ecting surface of the tWo off-axial re?ecting surfaces that 
is disposed in the optical path in the line sensor side. 

According to another aspect of the invention, an image 
reading apparatus comprises an imaging optical system set 
out in the foregoing, an original table on Which the original is 
to be placed, a line sensor on Which image information on the 
original surface is to be imaged, and moving means for mov 
ing the original table and the line sensor relatively. 

According to the present invention, in an image reading 
apparatus using a line sensor equipped in an image scanner, a 
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4 
digital copying machine or the like, it is possible to realiZe a 
high-performance imaging optical system for image reading 
that does not suffer from signi?cant chromatic aberrations 
and has a very simple structure including tWo off-axial 
re?ecting surfaces. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 schematically shoWs the principal portion of 
embodiment l of the image reading apparatus according to 
the present invention. 

FIG. 2 is a cross sectional vieW of a numerical embodiment 
l of the imaging optical system for image reading according 
to the present invention. 

FIG. 3 shoWs aberrations in numerical embodiment l of the 
imaging optical system for image reading according to the 
present invention. 

FIG. 4 is a cross sectional vieW of a numerical embodiment 
2 of the imaging optical system for image reading according 
to the present invention. 

FIG. 5 shoWs aberrations in numerical embodiment 2 of the 
imaging optical system for image reading according to the 
present invention. 

FIG. 6 is a cross sectional vieW of a numerical embodiment 
3 of the imaging optical system for image reading according 
to the present invention. 

FIG. 7 shoWs aberrations in numerical embodiment 3 of the 
imaging optical system for image reading according to the 
present invention. 

FIG. 8 schematically shoWs the principal portion of 
embodiment 2 of the image reading apparatus according to 
the present invention. 

FIG. 9 is a cross sectional vieW of a numerical embodiment 
4 of the imaging optical system for image reading according 
to the present invention. 

FIG. 10 shoWs aberrations in numerical embodiment 4 of 
the imaging optical system for image reading according to the 
present invention. 

FIG. 11 is a cross sectional vieW of a numerical embodi 
ment 5 of the imaging optical system for image reading 
according to the present invention. 

FIG. 12 shoWs aberrations in numerical embodiment 5 of 
the imaging optical system for image reading according to the 
present invention. 

FIG. 13 schematically shoWs the principal portion of a 
conventional image reading apparatus. 

FIG. 14 shoWs the basic structure of a conventional color 
image reading apparatus. 

FIG. 15 illustrates a de?nition of the off-axial optical sys 
tem. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Prior to description of embodiments, the Way of expressing 
speci?cations of imaging optical systems (optical systems) of 
the embodiments, and features that are common to all of the 
embodiments Will be described. 

FIG. 15 illustrates a coordinate system used in de?ning 
data of the con?guration of the imaging optical system 
according to the present invention. In the folloWing embodi 
ments, surface number i Will be used, Where the surface is 
numbered along a beam La1 traveling from the object side to 
the image plane (the beam being represented by a chain line in 
FIG. 15 and called a reference axis beam). 

In FIG. 15, the 1st surface R1 is a stop, the 2nd surface R2 
is a refracting surface coaxial With the 1st surface, the 3rd 



US 7,929,187 B2 
5 

surface R3 is a re?ecting surface tilted relative to the 2nd 
surface R2, the 4th surface R4 and the 5th surface R5 are 
re?ecting surfaces shifted and tilted relative to the respective 
preceding surfaces, and the 6th surface R6 is a refracting 
surface shifted and tilted relative to the 5th surface. The 2nd 
surface R2 through the 6th surface R6 are formed on one 
optical element made of a transparent medium such as a glass 
or a plastic. 

Therefore, in the arrangement shoWn in FIG. 15, the 
medium betWeen the object surface (not shoWn) to the 2nd 
surface R2 is air, the medium from the 2nd surface R2 to the 
6th surface R6 is a certain common medium, and the medium 
betWeen the 6th surface to the 7th surface (e.g., the image 
plane, not shoWn) R7 is air. 

Since the imaging optical system according to the present 
invention is an off-axial optical system, the surfaces compos 
ing the imaging optical system do not have a common optical 
axis. 

In vieW of this, in the embodiments, an absolute coordinate 
system having an origin located at the center of the beam 
effective diameter of the 1st surface is ?rstly set. In addition 
to setting the origin to the center point of the beam effective 
diameter of the 1 st surface, the path of a beam (reference axis 
beam) that passes through the origin and the center of the last 
imaging surface is de?ned as the reference axis of the imaging 
optical system. The reference axis in the embodiments is 
directional in the direction in Which the reference axis beam 
travels for imaging. 

In the embodiments of the present invention, the reference 
axis serving as a reference for the imaging optical system is 
de?ned as above. HoWever, in de?ning the axis serving as a 
reference for the imaging optical system, any axis that is 
suitable for designing the optical system, in compensating 
aberrations, or in expressing the shape of the surfaces com 
posing the imaging optical system may be set. Nevertheless, 
the reference axis serving as a reference for the optical system 
is generally set to the path of a beam that passes through the 
center of the image plane and the center of any one of a stop, 
the entrance pupil, the exit pupil or the center of the 1st or last 
surface of the optical system. 
As per the above, in the embodiments of the present inven 

tion, the reference axis is set to the path of the beam (reference 
axis beam) that passes through the central point of the beam 
effective diameter of the 1st surface, i.e., the stop, and enters 
the center of the last imaging surface While being refracted 
and re?ected by the refracting surfaces and the re?ecting 
surfaces. The surfaces are numbered in the order in Which the 
reference axis beam undergoes refraction and re?ection. 

Therefore, the reference axis changes its direction in the 
order of the surfaces in accordance With the laW of refraction 
or the laW of re?ection and eventually reaches the center of 
the image plane. 

The tilt surfaces that constitute the imaging optical system 
of each embodiment of the present invention are tilted basi 
cally in the same plane. Accordingly, the axes of the absolute 
coordinate system are de?ned as folloWs. 
Z axis: the reference axis passing through the origin and 
extending toWard the 2nd surface R2. 
Y axis: the straight line passing through the origin and ori 
ented in the direction 90-degree-anticlockWisely rotated With 
respect to the Z axis in the tilt plane (i.e., the plane of the 
draWing sheet of FIG. 15). 
X axis: the straight line passing through the origin and 
orthogonal to the Z andY axes (i.e., the line perpendicular to 
the plane of the draWing sheet of FIG. 15). 
It is easier to recogniZe the surface shape of the i-th surface 
that constitutes the imaging optical system expressed in a 
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6 
local coordinate system Whose origin is at the intersection of 
the reference axis and the i-th surface, than that expressed in 
the absolute coordinate system. Therefore, in the embodi 
ments of the present invention for Which con?guration data of 
the imaging optical system Will be presented, the surface 
shape of the i-th surface Will be expressed using the local 
coordinate system. 
The tilt angle of the i-th surface Within the YZ plane is 

represented by angle Si (in degrees) measured in anticlock 
Wise direction from the Z axis of the absolute coordinate 
system. Accordingly, in the embodiments of the present 
invention, the origin of the local coordinate system of each 
surface is Within the YZ plane in FIG. 15. There is no decen 
tration of the surfaces in the XZ plane and the XY plane. The 
y and Z axes of the local coordinate system (x, y, and Z) of the 
i-th surface are inclined relative to the absolute coordinate 
system (X,Y, Z) Within theYZ plane by angle 6i. Speci?cally, 
the local coordinate system is set in the folloWing Way. 
Z axis: the straight line passing through the origin of the local 
coordinate system and forming angle Si, in the anticlockwise 
direction, With the Z direction of the absolute coordinate 
system Within the YZ plane. 
y axis: the straight line passing through the origin of the local 
coordinate system and forming an angle of 90°, in the anti 
clockWise direction, With the Z direction Within the YZ plane. 
x axis: the straight line passing through the origin of the local 
coordinate system and perpendicular to the YZ plane. 

Di is a scalar representing the distance betWeen the origins 
of the local coordinate systems of the i-th surface and the 
(i+l)th surface. Ndi and vdi are the refractive index and the 
Abbe constant of the medium betWeen the i-th surface and the 
(i+l)th surface respectively. For the embodiments of the 
present invention, cross sectional vieWs and numerical data of 
the optical system Will be presented. 
The spherical surface is a shape represented by the folloW 

ing formula. 

The imaging optical systems according to the embodi 
ments of the present invention include rotationally asym 
metrical aspherical surfaces, and the shape thereof Will be 
expressed by the folloWing formula. 

Since the above curved surface formula includes only 
terms of even order in x, the curved surface de?ned by this 
curved surface formula has a shape plane symmetrical With 
respect to the yZ plane. 

Since every imaging optical system of the embodiments is 
not a coaxial optical system, it is dif?cult to directly calculate 
its focal length based on the paraxial theory. Accordingly, the 
equivalent focal length feq de?ned beloW Will be used, 

Where hl is the height of a beam incident on the 1st surface 
parallel to and in?nitely close to the reference axis, and ak' is 
the angle that beam forms With the reference axis When it exits 
from the last surface. In this de?nition, When the number of 
the re?ecting surfaces is odd, the sign of the focal length is 
expressed as the sign opposite to the sign in ordinary cases. 

Embodiment 1 

FIG. 1 schematically shoWs the principal portion in the 
sub-scanning cross section of embodiment l, in Which the 
imaging optical system according to the present invention is 
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applied to an image reading apparatus. FIG. 2 shows a sche 
matic drawing of the imaging optical system 411 shown in 
FIG. 1 in the sub-scanning cross section. 

In FIG. 1, reference numeral 1 designates a light source 
(light source means) composed of a ?uorescent lamp, a xenon 
lamp or the like. Reference numeral 2 designates an original 
table glass, and reference numerals 3a, 3b and 3c designate 
the ?rst, the second and the third re?ecting mirrors respec 
tively. Reference numeral 411 designates an imaging optical 
system used for image reading which includes two off-axial 
optical elements R2 and R4 constituted by re?ecting surfaces. 
Reference numeral 5 designates a line sensor (light receiving 
means) composed, for example, of a CCD, which is disposed 
at the position corresponding to the image plane. Reference 
numeral 6 designates a carriage (casing) which houses the 
members 1, 3a, 3b, 30, 4a, 5, and the like. 

The direction along which the pixels of the line sensor 5 are 
aligned (i.e., the direction perpendicular to the plane of the 
drawing sheet) is the main scanning direction (in the main 
scanning cross section), and the direction perpendicular to the 
main scanning direction (in the sub-scanning cross section) 
(i.e., the direction within the plane of the drawing sheet) is the 
sub-scanning direction. 

In this embodiment, the imaging optical system 411 
includes two off-axial optical elements R2, R4 in the form of 
re?ecting surfaces. De?ning the off-axial re?ecting surface 
that de?ects the reference axis beam clockwise as a minus 
de?ecting surface and the off-axial re?ecting surface that 
de?ects the reference axis beam anticlockwise as a plus 
de?ecting surface, the two off-axial re?ecting surfaces R2 
and R4 are arranged to be, in order from the original surface 
7 side, a plus de?ecting surface and a minus de?ecting sur 
face, or a minus de?ecting surface and a plus de?ecting sur 
face, thereby achieving an excellent optical performance. 

The off-axial optical element R2 is a plus de?ecting surface 
that de?ects the reference axis beam in the anticlockwise 
direction, and the off-axial optical element R4 is a minus 
de?ecting surface that de?ects the reference axis beam in the 
clockwise direction. 

The imaging optical system 411 for image reading accord 
ing to this embodiment does not have a refracting surface 
having an optical power, but is composed of two off-axial 
optical elements R2 and R4. If an element such as a prism 
having refracting effect at its incidence surface and exit sur 
face is used, chromatic aberration occurs due to characteris 
tics of the glass material of the prism, and the problem of color 
misalignment in a read image arises, though problems 
involved by decentration are mitigated. Such a problem is 
prevented in this embodiment by the above-described feature. 
An original 7 (the object) placed on the original table glass 

2 is illuminated by a light beam from the light source 1, and 
light re?ected from the original 7 is focused by the imaging 
optical system 411 via the re?ecting mirrors 3a, 3b and 30 to 
form an image on the line sensor 5. During this process, the 

relative position of the original 7 and the carriage 6 is changed 
along the sub-scanning direction (indicated by arrow A) to 
read the original 7 two-dimensionally. 

To make the image reading apparatus compact, the ?rst, the 
second and the third re?ecting mirrors 3a, 3b and 3c are used 
to fold the optical path. The imaging optical system 411 also 
serves to fold the optical path. In the imaging optical system 
4a, the optical path is folded into a generally Z-shape to 
facilitate canceling of decentration aberrations generated at 
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8 
the two off-axial re?ecting surfaces. Thus, excellent imaging 
performance is achieved in spite of its small constitution 
including only two surfaces. 

More speci?cally, since the two off-axial optical elements 
R2 and R4 are designed to be de?ecting surfaces having 
different signs disposed in order of a plus de?ecting surface 
and a minus de?ecting surface, or a minus de?ecting surface 
and a plus de?ecting surface from the original surface 7 side, 
decentration aberrations generated at the two off-axial 
re?ecting surfaces can cancel out each other. 

If de?ecting surfaces having the same sign are arranged in 
a manner like a plus de?ecting surface and a plus de?ecting 
surface, or a minus de?ecting surface and a minus de?ecting 
surface in order from the original surface 7 side, the problem 
that decentration aberrations generated at the two off-axial 
re?ecting surfaces are ampli?ed will arise. 

To achieve more excellent imaging performance, the off 
axial re?ecting surfaces are constructed as free curved sur 
faces each of which is symmetrical in the main scanning 
direction and asymmetrical in the sub-scanning direction 
with respect to the reference axis to correct decentration 
aberrations caused by folding of the optical path in the sub 
scanning direction. 

In addition, a stop SP is provided between the off-axial 
re?ecting surfaces R2 and R4, which contributes to downsiZ 
ing of the off-axial re?ecting surfaces. To achieve a further 
reduction in the re?ecting surface siZe, an intermediate imag 
ing plane may be introduced. However, intermediate imaging 
is not introduced in this embodiment, since intermediate 
imaging leads to an increase in the optical path length due to 
the presence of a relay system or an intensi?cation of the 

adverse effects of decenter errors due to an increase in the 

power of the re?ecting surfaces. 

In this embodiment, since the length of the original 7 is 
short in the sub-scanning direction, the siZe of the re?ecting 
surfaces can be made not so large without introducing an 
intermediate imaging surface, so that it is possible to make the 
surface interval small. 

According to this embodiment, by using the imaging opti 
cal system 411 described above, it is possible to construct an 
image reading apparatus having a carriage-integrated optical 
system with a small number of parts including three plane 
turn back mirrors and two off-axial optical elements. Accord 

ingly, manufacturing is easy, and in addition, downsiZing and 
high speed reading are made possible. 

In the following, numerical data for numerical embodi 
ment 1 of the imaging optical system 411 for image reading 
corresponding to the above-described embodiment 1 of the 
present invention will be presented. In addition, numerical 
data for numerical embodiments 2 and 3 of imaging optical 
systems 411 for image reading corresponding to similar 
embodiments will also be presented. 

FIGS. 4 and 6 are sub-scanning cross sectional views of 
imaging optical systems for image reading corresponding to 
numerical embodiments 2 and 3 respectively. FIGS. 3, 5 and 
7 show aberrations for ?ve points (i.e., at ?ve image heights) 
in aligned direction of the line sensor in numerical embodi 
ments 1, 2 and 3 respectively. The value represented by X in 
FIGS. 3, 5 and 7 represents the height (image height) on the 
surface of the original. 
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This embodiment is arranged to satisfy the following con 
dition: 

—30°<6i<30° (1) 

Where Si is the angle formed by the reference axis beam 
incident on the ?rst off-axial optical element R2 of the imag 
ing optical system 411 and the reference axis beam exiting 
from the second off-axial optical element R4. 

The technical meaning of condition (1 ) Will be described in 
the folloWing. 

Condition (1) de?nes the angle formed by the beam inci 
dent on the imaging optical system and the beam exiting from 
the imaging optical system. More speci?cally, it de?nes the 
angle expressing the relative relationship of the tWo off-axial 
re?ecting surfaces. In the off-axial optical system, decentra 
tion aberrations occur, and it is necessary to correct the decen 
tration aberrations. HoWever, it is di?icult to achieve satisfac 
tory optical performance by correcting the aberrations only 
by means of surface shape design, since the number of the 
off-axial re?ecting surfaces is only tWo. Therefore, the refer 
ence axis beam is folded into a Z-shape to facilitate mutual 
canceling of decentration aberrations generated at the off 
axial re?ecting surfaces. Further, the decentration aberrations 
can be canceled more easily by setting the angle to fall Within 
the range de?ned by condition (1). If the off-axial re?ecting 
surfaces are disposed in a relative relationship outside the 
upper or loWer limit of condition (1), the amount of decen 
tration aberrations generated at one of the surfaces becomes 
so large that it is di?icult to cancel it by only tWo off-axial 
re?ecting surfaces. 
More preferably, condition (1) may be modi?ed as folloWs. 
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in order to obtain a preferable optical performance While 
retaining the system kept in compact. 

In order to obtain a preferable optical performance Within 
the limited angle range of the disposition of the off-axial 
optical elements, the relation betWeen the refractive poWers in 
the sub-scanning direction of the tWo surfaces (R2 and R4) is 
important since the direction in Which the light beam is bent 
is the sub-scanning direction. 

If the difference of the refractive indices in the sub-scan 
ning direction of the tWo surfaces is greater so that the ratio 
C02r2/C02r4 is not greater than the loWer limit of the condi 
tional expression (2), it causes a problem that the optical path 
is elongated in order to retain a predetermined magni?cation. 
On the other hand, if the difference of the refractive indices in 
the sub-scanning direction of the tWo surfaces is greater so 
that the ratio C02r2/C02r4 is not smaller than the upper limit 
of the conditional expression (2), since the light beam is 
re?ected betWeen the tWo re?ecting surfaces due to the refrac 
tive poWers in the sub-scanning direction, the light beam 
needs to be bent in the ?gure of 4 in order to obtain a prefer 
able optical performance, thereby causing a problem that the 
imaging optical system is enlarged. 

Further, the conditional expression (2) is more preferably 
set as folloWs. 

Numerical Embodiment 1 

Original Reading Width 220 mm 
Imaging Magni?cation —0.189 
NA in Original Side 0.016 

—15°<6i<15° feq 29.680 

TABLE 1 

Reference 
i Yi Z1 01 Di Ndi signs 

1 0 0 0 166.8934 1 object surface 7 
(original 
surface) 

2 0 166.8934 11.63 13.0914 1 re?ecting R2 
surface 

3 -5.1695 154.8658 23.26 11.2478 1 transmitting SP 
surface (stop) 

4 -9.6119 144.5325 13.93 21.8662 1 re?ecting R4 
surface 

5 —7.8571 166.3281 4.60 image plane 5 

Further, in this embodiment, the folloWing conditional 50 Aspherical Surface Shape 
expression is satis?ed, Surface R2 

C02:—4.5460E-03 C03:1.8570E-05 C04:—1.9333E-05 
‘1'0<c02’2/c02’4<‘0'01 (2)’ C05:1.2781E-06 C06:1.5282E-06 C07:-2.6256E-07 

Where C02r2 and C02r4 represent aspherical coef?cients C02 C08:4.0099E-08 C20:—4.7534E-03 C21:6.3040E-05 

of the aspherical surfaces of the ?rst off-axial optical element 55 R2 (re?ect1ng surface) and the second off-ax1al optical ele- C41:_'6'5956E_08 C42:_2:5347E_09 C43:_8:2587E_10 
ment R4 (re?ect1ng surface) as shoWn1n FIG. 2, respectively. C 4 4:_8 22351340 C60:_3 31 1 6E_09 C61:2 3 522131 1 

The technical meaning of the conditional expression (2) is C62:6_4'321E_11 C80:3 308 E42 ' 
explained beloW. Surface R4 

The conditional expression (2) de?nes the ratio betWeen 60 C02:6_8081E-03 C03:6_1342E-05 C04:-8,7196E-05 
the aspherical coe?icients of the off-axial optical element R2 C05:-4_3217E-05 C06:1,5179E-05 C07:1,0360E-05 
and the off-axial optical element R4. In particular, it de?nes C08:6.6517E-07 C20:6.9865E-03 C21:8.4961E-05 
the ratio of the refractive poWers in the sub-scanning direction C22:8 .3 621E-06 C23:5 .2533E-07 C24:3 .4662E-06 
of the tWo off-axial optical elements. C25:—1.4766E-07 C26:—5.7376E-07 C40:—6.0197E-06 

Generally, the decentration aberration occurs in off-axial 65 C41:—1.6224E-07 C42:2.0695E-08 C43:7.9461E-10 
optical system and it needs to be corrected. HoWever, the 
angle of disposition of the off-axial optical elements is limited 

C44:—6.8943E-09 C60:1.5482E-08 
C62:—1 .4023E-10 C80:—3.0158E-11 

C61:3.6681E-10 








